PATIENTS:
Infants aged <90 days evaluated between July 1, 2012 and June 30, 2013 were randomly selected for medical record review from 1 of 4 ICD-9 diagnosis code groups: (1) discharge diagnosis of fever, (2) admission diagnosis of fever without discharge diagnosis of fever, (3) discharge diagnosis of serious infection without diagnosis of fever, and (4) no diagnosis of fever or serious infection.
EXPOSURE:
The ICD-9 diagnosis code groups were compared in 4 case-identification algorithms to a reference standard of fever 100.48F documented in the medical record.
MEASUREMENTS: Algorithm predictive accuracy was measured using sensitivity, specificity, and negative and positive predictive values.
RESULTS:
Among 1790 medical records reviewed, 766 (42.8%) infants had fever. Discharge diagnosis of fever demonstrated high specificity (98.2%, 95% confidence interval [CI]: 97.8-98.6) but low sensitivity (53.2%, 95% CI: 50.0-56.4). A case-identification algorithm of admission or discharge diagnosis of fever exhibited higher sensitivity (71.1%, 95% CI: 68.2-74.0), similar specificity (97.7%, 95% CI: 97.3-98.1), and the highest positive predictive value (86.9%, 95% CI: 84.5-89.3).
CONCLUSIONS:
A case-identification strategy that includes admission or discharge diagnosis of fever should be considered for febrile infant studies using administrative data, though underclassification of patients is a potential limitation. Journal of Hospital Medicine 2015;10:787-793.
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Fever is one of the most common reasons for emergency department (ED) evaluation of infants under 90 days of age. 1 Up to 10% to 20% of febrile young infants will have a serious bacterial infection (SBI), [2] [3] [4] but infants with SBI are difficult to distinguish from those without SBI based upon symptoms and physical examination findings alone. 5 Previously developed clinical prediction algorithms can help to identify febrile infants at low risk for SBI, but differ in age range as well as recommendations for testing and empiric treatment. [6] [7] [8] Consequently, there is widespread variation in management of febrile young infants at US children's hospitals, [9] [10] [11] and defining optimal management strategies remains an important issue in pediatric healthcare. 12 Administrative datasets are convenient and inexpensive, and can be used to evaluate practice variation, trends, and outcomes of a large, diverse group of patients within and across institutions. Accurately identifying febrile infants evaluated for suspected SBI in administrative databases would facilitate comparative effectiveness research, quality improvement initiatives, and institutional benchmarking.
Prior studies have validated the accuracy of administrative billing codes for identification of other common childhood illnesses, including urinary tract infection (UTI) 13 and pneumonia. 14 The accuracy of International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes in identifying febrile young infants evaluated for SBI is not known. Reliance on administrative ICD-9 diagnosis codes for patient identification can lead to misclassification of patients due to variable database quality, the validity of the diagnosis codes being utilized, and hospital coding practices. 15 Additionally, fever is a symptom and not a specific diagnosis. If a particular bacterial or viral diagnosis is established (eg, enterovirus meningitis), a discharge diagnosis of fever may not be attributed to the patient encounter. Thus, evaluating the performance characteristics and capture of clinical outcomes of different combinations of ICD-9 diagnosis codes for identifying febrile infants is necessary for both the conduct and interpretation of studies that utilize administrative databases. The primary objective of this investigation was to identify the most accurate ICD-9 coding strategies for the identification of febrile infants aged <90 days using administrative data. We also sought to evaluate capture of clinically important outcomes across identification strategies.
METHODS

Study Design and Setting
For this multicenter retrospective study, we used the Pediatric Health Information System (PHIS) database to identify infants <90 days of age 16 who presented between July 1, 2012 and June 30, 2013 to 1 of 8 EDs. We assessed performance characteristics of ICD-9 diagnosis code case-identification algorithms by comparing ICD-9 code combinations to a fever reference standard determined by medical record review. The institutional review board at each participating site approved the study protocol.
Data Source
Data were obtained from 2 sources: the PHIS database and medical record review. We used the PHIS database to identify eligible patients by ICD-9 diagnosis codes; patient encounters were randomly selected using a random number generator. The PHIS database contains demographic, diagnosis, and billing data from 44 hospitals affiliated with the Children's Hospital Association (Overland Park, Kansas) and represents 85% of freestanding children's hospitals in the United States. 17 Data are deidentified; encrypted unique patient identifiers permit tracking of patients across visits within a site. 18 The Children's Hospital Association and participating hospitals jointly assure the quality and integrity of the data. 19 For each patient encounter identified in the PHIS database, detailed medical record review was performed by trained investigators at each of the 8 study sites (see Supporting Information, Appendix, in the online version of this article). A standardized data collection instrument was pilot tested by all investigators prior to use. Data were collected and managed using the Research Electronic Data Capture (REDCap) tool hosted at Boston Children's Hospital. 20 
Exclusions
Using PHIS data, prior to medical record review we excluded infants with a complex chronic condition as defined previously 21 and those transferred from another institution, as these infants may warrant a nonstandard evaluation and/or may have incomplete data.
ICD-9 Diagnosis Code Groups
In the PHIS database, all patients discharged from the hospital (including hospitalized patients as well as patients discharged from the ED) receive 1 or more ICD-9 discharge diagnosis codes. These diagnosis codes are ascribed after discharge from the hospital, or for ED patients, after ED discharge. Additionally, patients may receive an admission diagnosis, which reflects the diagnosis ascribed at the time of ED discharge or transfer to the inpatient unit.
We reviewed medical records of infants selected from the following ICD-9 diagnosis code groups ( 9,10 regardless of the presence of admission diagnosis of fever or diagnosis of serious infection, (2) admission diagnosis code of fever without associated discharge diagnosis code of fever, 10 (3) discharge diagnosis code of serious infection determined a priori (see Supporting Information, Appendix, in the online version of this article) without discharge or admission diagnosis code of fever, and (4) infants without any diagnosis code of fever or serious infection.
Medical records reviewed in each of the 4 ICD-9 diagnosis code groups were randomly selected from the overall set of ED encounters in the population of infants <90 days of age evaluated during the study period. Twentyfive percent population sampling was used for 3 of the ICD-9 diagnosis code groups, whereas 5% sampling was used for the no fever/no serious infection code group. The number of medical records reviewed in each ICD-9 diagnosis code group was proportional to the distribution of ICD-9 codes across the entire population of infants <90 days of age. These records were distributed equally across sites (228 records per site), except for 1 site that does not assign admission diagnoses (201 records).
Investigators were blinded to ICD-9 diagnosis code groups during medical record review. Infants with multiple visits during the study period were eligible to be included more than once if the visits occurred more than 3 days apart. For infants with more than 1 ED visit on a particular calendar day, investigators were instructed to review the initial visit.
For each encounter, we also abstracted demographic characteristics (gender, race/ethnicity), insurance status, hospital region (using US Census categories 22 ), and season from the PHIS database.
Reference Standard
The presence of fever was determined by medical record review. We defined fever as any documented temperature 100.48F (38.08C) at home or in the ED. 16 
ICD-9 Code Case-Identification Algorithms
Using the aforementioned ICD-9 diagnosis code groups individually and in combination, the following 4 case-identification algorithms, determined from prior study or group consensus, were compared to the reference standard: (1) ICD-9 discharge diagnosis code of fever, 9 (2) ICD-9 admission or discharge diagnosis code of fever, 10,11 (3) ICD-9 discharge diagnosis code of fever or serious infection, and (4) ICD-9 discharge or admission diagnosis code of fever or serious infection. Algorithms were compared overall, separately for discharged and hospitalized infants, and across 3 distinct age groups (28 days, 29-56 days, and 57-89 days).
Patient-Level Outcomes
To compare differences in outcomes by caseidentification algorithm, from the PHIS database we abstracted hospitalization rates, rates of UTI/pyelonephritis, 13 bacteremia/sepsis, and bacterial meningitis. 19 Severe outcomes were defined as intensive care unit admission, mechanical ventilation, central line placement, receipt of extracorporeal membrane oxygenation, or death. We assessed hospital length of stay for admitted infants and 3-day revisits, 23, 24 and revisits resulting in hospitalization for infants discharged from the ED at the index visit. Patients billed for observation care were classified as being hospitalized. 25, 26 Data Analysis Accuracy of the 4 case-identification algorithms (compared with the reference standard) was calculated using sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV), along with 95% confidence interval (CI). Prior to analysis, a 5-fold weighting factor was applied to the no fever/no serious infection group to account for the differential sampling used for this group (5% vs 25% for the other 3 ICD-9 diagnosis code groups). This weighting was done to approximate the true prevalence of each ICD-9 code group within the larger population, so that an accurate rate of false negatives (infants with Two of 584 medical records were unavailable for review. 2 Five of 904 medical records were unavailable for review. Abbreviations: CCC, complex chronic condition; ED, emergency department.
fever who had neither a diagnosis of fever nor serious infection) could be calculated.
We described continuous variables using median and interquartile range or range values and categorical variables using frequencies with 95% CIs. We compared categorical variables using a v 2 test. We determined statistical significance as a 2-tailed P value <0.05. Statistical analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC).
RESULTS
Study Patients
During the 1-year study period, 23,753 ED encounters for infants <90 days of age were identified in the PHIS database at the 8 participating sites. Of these infant encounters, 2166 (9.2%) were excluded (1658 infants who had a complex chronic condition and 508 transferred into the ED), leaving 21,587 infants available for selection. After applying our sampling strategy, we identified 1797 encounters for medical record review. Seven encounters from 3 hospitals with missing medical records were excluded, resulting in a final cohort of 1790 encounters (Figure 1) . Among included infants, 552 (30.8%) were 28 days, 743 (41.5%) were 29 to 56 days, and 495 (27.8%) were 57 to 89 days of age; 737 (41.2%) infants were hospitalized. Patients differed in age, race, payer, and season across ICD-9 diagnosis code groups (see Supporting Information, Table 1 , in the online version of this article).
Among the 1790 patient encounters reviewed, a total of 766 infants (42.8%) met the reference standard definition for fever in the cohort. An additional 47 infants had abnormal temperature reported (documentation of tactile fever, history of fever without a specific temperature described, or hypothermia) but were classified as having no fever by the reference standard.
ICD-9 Code Case-Identification Algorithm Performance
Compared with the reference standard, the 4 caseidentification algorithms demonstrated specificity of 96.2% to 98.2% but lower sensitivity overall ( Figure  2 ). Discharge diagnosis of fever alone demonstrated the lowest sensitivity. The algorithm of discharge or admission diagnosis of fever resulted in increased sensitivity and the highest PPV of all 4 algorithms (86.9%, 95% CI: 84.5-89.3). Addition of serious infection codes to this algorithm resulted in a marginal increase in sensitivity and a similar decrease in PPV (Table 1) . When limited to hospitalized infants, specificity was highest for the case-identification algorithm of discharge diagnosis of fever and similarly high for discharge or admission diagnosis of fever; sensitivity was highest for the algorithm of discharge or admission diagnosis of fever or diagnosis of serious infection. For infants discharged from the ED, algorithm specificity was 97.7% to 98.4%, with lower sensitivity for all 4 algorithms ( Table 1) . Inclusion of the 47 infants with abnormal temperature as "fever" did not materially change algorithm performance (data not shown).
Across all 3 age groups (28 days, 29-56 days, and 57-89 days), the 4 case-identification algorithms demonstrated specificity >96%, whereas algorithm sensitivity was highest in the 29-to 56-days-old age group and lowest among infants 57 to 89 days old across all 4 algorithms (Figure 2 ). Similar to the overall cohort, an algorithm of discharge or admission diagnosis of fever demonstrated specificity of nearly 98% in all age groups; addition of serious infection codes to this algorithm increased sensitivity, highest in the 29-to 56-days-old age group (Figure 2 ; see also Supporting Information, Table 2 , in the online version of this article).
Across the 8 study sites, median specificity was 95.8% to 98.3% for the 4 algorithms, with little interhospital variability; however, algorithm sensitivity varied widely by site. Median PPV was highest for discharge diagnosis of fever alone at 87.7% but ranged from 74.0% to 93.2% across sites. Median PPV for an algorithm of discharge or admission diagnosis of fever was similar (87.4%) but with less variation by site (range 80.0%-92.9%) ( Table 2 ).
Outcomes by ICD-9 Diagnosis Code Group and Case-Identification Algorithm
When compared with discharge diagnosis of fever, adding admission diagnosis of fever captured a higher proportion of hospitalized infants with SBIs (UTI/pyelonephritis, bacteremia/sepsis, or bacterial meningitis). However, median hospital length of stay, severe outcomes, and 3-day revisits and revisits with hospitalization did not materially differ when including infants with admission diagnosis of fever in addition to discharge diagnosis of fever. Addition of infants with a diagnosis code for serious infection substantially increased the number of infants with SBIs and severe outcomes but did not capture additional 3-day revisits (Table 3 ). There were no additional cases of SBI in the no fever/no serious illness diagnosis code group.
Among infants who met the reference standard for fever but did not have a discharge or admission diagnosis of fever (false negatives), 11.8% had a diagnosis of SBI. Overall, 43.2% of febrile infants (and 84.4% of hospitalized infants) with SBI did not have an ICD-9 discharge or admission diagnosis of fever. Addition of ICD-9 diagnosis codes of serious infection to the algorithm of discharge or admission diagnosis of fever captured all additional SBIs, and no false negativeinfants missed with this algorithm had an SBI.
DISCUSSION
We described the performance of 4 ICD-9 diagnosis code case-identification algorithms for the identification of febrile young infants <90 days of age at US children's hospitals. Although the specificity was high across algorithms and institutions, the sensitivity was relatively low, particularly for discharge diagnosis of fever, and varied by institution. Given the high specificity, ICD-9 diagnosis code case-identification algorithms for fever reliably identify febrile infants using administrative data with low rates of inclusion of infants without fever. However, underidentification of patients, particularly those more prone to SBIs and severe outcomes depending on the algorithm utilized, can impact interpretation of comparative effectiveness studies or the quality of care delivered by an institution. ICD-9 discharge diagnosis codes are frequently used to identify pediatric patients across a variety of administrative databases, diseases, and symptoms. 19, [27] [28] [29] [30] [31] Although discharge diagnosis of fever is highly specific, sensitivity is substantially lower than other case-identification algorithms we studied, particularly for hospitalized infants. This may be due to a fever code sometimes being omitted in favor of a more specific diagnosis (eg, bacteremia) prior to hospital discharge. Therefore, case identification relying only on ICD-9 discharge diagnosis codes for fever may under-report clinically important SBI or severe outcomes as demonstrated in our study. This is in contrast to ICD-9 diagnosis code identification strategies for childhood UTI and pneumonia, which largely have higher sensitivity but lower specificity than fever codes. 13, 14 Admission diagnosis of fever is important for febrile infants as they may not have an explicit diagnosis at the time of disposition from the ED. Addition of admission diagnosis of fever to an algorithm relying on discharge diagnosis code alone increased sensitivity without a demonstrable reduction in specificity and PPV, likely due to capture of infants with a fever diagnosis at presentation before a specific infection was identified. Although using an algorithm of discharge or admission diagnosis of fever captured a higher percentage of hospitalized febrile infants with SBIs, sensitivity was only 71% overall with this algorithm, and 43% of febrile infants with SBI would still have been missed. Importantly, though, addition of various ICD-9 codes for serious infection to this algorithm resulted in capture of all febrile infants with SBI and should be used as a sensitivity analysis.
The test characteristics of diagnosis codes were highest in the 29-to 56-days-old age group. Given the differing low-risk criteria [6] [7] [8] and lack of best practice guidelines 16 in this age group, the use of administrative data may allow for the comparison of testing and treatment strategies across a large cohort of febrile infants aged 29 to 56 days. However, individual hospital coding practices may affect algorithm performance, in particular sensitivity, which varied substantially by hospital. This variation in algorithm sensitivity may impact comparisons of outcomes across institutions. Therefore, when conducting studies of febrile infants using administrative data, sensitivity analyses or use of chart review should be considered to augment the use of ICD-9 code-based identification strategies, particularly for comparative benchmarking and outcomes studies. These additional analyses are particularly important for studies of febrile infants >56 days of age, in whom the sensitivity of diagnosis codes is particularly low. We speculate that the lower sensitivity in older febrile infants may relate to a lack of consensus on the clinical significance of fever in this age group and the varying management strategies employed. 10 Strengths of this study include the assessment of ICD-9 code algorithms across multiple institutions for identification of fever in young infants, and the patterns of our findings remained robust when comparing median performance characteristics of the algorithms across hospitals to our overall findings. We were also able to accurately estimate PPV and NPV using a case-identification strategy weighted to the actual population sizes. Although sensitivity and specificity are the primary measures of test performance, predictive values are highly informative for investigators using administrative data. Additionally, our findings may inform public health efforts including disease surveillance, assessment of seasonal variation, and identification and monitoring of healthcare-associated infections among febrile infants.
Our study has limitations. We did not review all identified records, which raises the possibility that our evaluated cohort may not be representative of the entire febrile infant population. We attempted to mitigate this possibility by using a random sampling strategy for our population selection that was weighted to the actual population sizes. Second, we identified serious infections using ICD-9 diagnosis codes determined by group consensus, which may not capture all serious infection codes that identify febrile infants whose fever code was omitted. Third, 47 infants had abnormal temperature that did not meet our reference standard criteria for fever and were included in the "no fever" group. Although there may be disagreement regarding what constitutes a fever, we used a widely accepted reference standard to define fever. 16 Further, inclusion of these 47 infants as "fever" did not materially change algorithm performance. Last, our study was conducted at 8 large tertiary-care children's hospitals, and our results may not be generalizable to other children's hospitals and communitybased hospitals.
CONCLUSIONS
Studies of febrile young infants that rely on ICD-9 discharge diagnosis code of fever for case ascertainment have high specificity but low sensitivity for the identification of febrile infants, particularly among hospitalized patients. A case-identification strategy that includes discharge or admission diagnosis of fever demonstrated higher sensitivity, and should be considered for studies of febrile infants using administrative data. However, additional strategies such as incorporation of ICD-9 codes for serious infection should be used when comparing outcomes across institutions.
